Glyphosate (PMG) is one of the most widely used herbicides with a reported 8.6 million tons 18 applied globally in 2016. Due to widespread use and limited understanding of long-term 19 environmental impacts, it is expected that future monitoring requirements for PMG and its 20 primary metabolite aminomethyl phosphonic acid (AMPA) in aquatic environments will increase, 21 along with the need for low cost monitoring and risk assessment strategies. The aim of this study 22 was to investigate a microporous polyethylene tube (MPT; 2-mm thickness, 17.6 cm 2 surface 23 area, 35 % porosity, 2.5 μm pore size) as a diffusive layer for the passive sampling of PMG and 24 AMPA. Levels of PMG and AMPA sorbed to MPT were low (Kmw close to 1 mL g -1 ), validating 25 MPT as a diffusive layer. Uptake experiments were conducted first under controlled laboratory 26 conditions (pH = 6.8, 6 days) followed by an in situ freshwater lake system deployment (pH = 27 7.3, 11 days). PMG and AMPA accumulated linearly (slope relative standard deviation < 6 %) 28 under laboratory conditions with sampling rates (Rs) of 18 and 25 mL d -1 , respectively. PMG in 29 situ Rs was 28 mL d -1 , and was not different from the one found in laboratory. AMPA was below 30 the limit of quantification (LOQ, 1 ng mL -1 ) in grab water samples, but was detected (> LOQ) in 31 all passive samplers. Results illustrate the gain in sensitivity provided by the passive sampling 32 technique, and the applicability of the device developed for the passive sampling of PMG and 33 AMPA. 34 3
can increase the uncertainty of water concentration estimates (Berho et al., 2017; 80 Fauvelle et al., 2017) 81 iii) the absence of in situ testing of the devices developed 82 A higher Rs (Eq. 1) can be obtained by increasing the product of the exposure surface area of the 83 sampler (A) and the overall mass transfer coefficient (ko): in water, q is the tortuosity, and f is the membrane porosity. Otherwise, a promising way to limit the influence of WBL thickness can be found in increasing 97 the second term of Eq. 3, e.g. increasing d (Belles et al., 2017; Chen et al., 2013; Fauvelle et al., 98 2017) . 99 In the present study, we propose to assess MPT (d = 2 mm thick, A = 17.6 cm 2 , f = 35% porosity, 100 2.5 μm pore size) as a diffusion barrier filled with a receiving phase consisting of TiO2 particles 101 embedded in an agarose gel. Compared to the conventional DGT, A is increased from 3.14 to 102 17.6 cm 2 (factor of 5.6), d is increased from 0.8 to 2 mm (factor of 2.5), f is decreased from 103 almost 100 % to 35 % (factor of 3), and q 2 could be also decreased from 3 to 1. Indeed, q 2 is 104 supposed to be much higher in a gel than in MPT, as Belles et al. observed lower (factor of 3 to 105 factor of 9) diffusion coefficients for polar organic substances in hydrogels than in water ( After extraction, a derivatization step was performed (see section 2.4). As only 400 μL were used 152 for the derivatization step, a correction factor (22.5) was finally applied according to the overall 153 water content of the extract (9 mL): selectively the NaOH extraction fraction (4 mL), the gel 154 water content (i.e., total gel volume 3.5 mL, consisting of more than 95% of water) and the MPT 155 pore water content (i.e., tube volume × f = 1.5 mL). interface coupled to a Shimadzu Nexera HPLC system (Shimadzu Corp., Kyoto, Japan).
178
Glyphosate, AMPA and their analogues, derivatized with FMOC-Cl, were separated by a 179 Phenomenex Gemini-NX column (50 mm length, 3 μm particle size, 2.1 mm diameter). Mobile then increased linearly to 95% during 1.5 min and kept constant for another 1.5 min. B was 183 decreased thereafter to initial conditions during 1.5 min, and a final 5 min equilibrating phase was 184 applied at the end of the gradient (11 min run). The mobile phase flow rate was set at 400 µL min -185 1 , and the column oven temperature was 40 °C. Mass acquisition was performed using selected 186 reaction monitoring (SRM) and negative ESI mode (Fauvelle et al., 2015) . A 6-point calibration 187 curve (from 1 to 200 ng mL -1 ) was prepared and derivatized according to the protocol described 188 above (section 2.4). Instrumental limits of quantification were estimated at 0.5 ng mL -1 for PMG 189 and 1 ng mL -1 for AMPA. It is noteworthy that TEA resulted in the contamination of the mass Laboratory calibration of TiO2 gels, naked or inserted in MPTs, was performed in two separated 3 207 L plastic beakers filled with ultrapure water (one for 8 MPT samplers, another one for 8 naked 208
TiO2 gels). The calibration system was spiked with PMG and AMPA and allowed to equilibrate 209 for 24 h before samplers' exposure. Water concentrations were measured daily (5 ± 0.8 and 10 ± 210 2.7 μg L -1 for PMG and AMPA, respectively). Duplicates of TiO2 gels, naked and enclosed in 211 MPTs, were retrieved after 1, 2, 3 and 6 days, and treated according to the method described 212 above. Naked TiO2 gels and MPT samplers were enclosed in a nylon mesh (2 mm mesh) together 213 with a PTFE weight to ensure that samplers were completely submerged throughout the 214 experiment (Supplementary material Figure 2 ). Shaking was performed using a rotary shaker (60 215 rpm) and beakers were completely covered in aluminum foil. The temperature and pH of the 216 system were periodically checked and were in the range 22-25°C and 6.8-7, respectively. Kmw values (see section 2.6) for PMG and AMPA were found to be close to 1 (1.07 ± 0.17 and 244 0.76 ± 0.07 mL g -1 , respectively), meaning comparable quantities are found in MPT and in water.
245
Therefore, adsorption at the MPT surface can be expected to be minimal for the diffusive layer The low Kmw for the compounds of interest suggests that the surface of the MPT will interact only 251 minimally with the compounds and thus not affect their diffusion into the sampling phase which 252 simplifies modelling. experimental Rs values of 18.4 ± 0.9 and 25.4 ± 1.4 mL day -1 for PMG and AMPA, respectively 270 ( Fig. 1; Eq 1) . Thus, the mass transfer resistance by the MPT is almost 10 times higher than the 271 receiving phase alone. We can therefore consider a large control of contaminants fluxes by MPT 272 to the receiving phase. Rs values measured with MPT are otherwise twice higher than those 273 reported for o- DGT (Chen et al., 2013 , 2012 Fauvelle et al., 2015) , which shows the ability of 274 MPT based passive sampler to increase Rs, which was identified a main issue of o-DGT.
275
Considering Eq 1 and 3 with A = 17.6 cm 2 , f = 35%, d = 2 mm, and adopting q = 1, and a typical 276 Dw value for organic acids of 5 to 10×10 -10 m 2 s -1 , we can predict a generic Rs between 13 and 27 277 mL day -1 , which is in good agreement with the experimental data mentioned above. The 278 difference in Rs estimates between PMG and AMPA is likely to be attributed to the higher Dw of 279 15 AMPA related to its lower molecular weight and steric hindrance. The same pattern was also 280 observed in a previous study (Fauvelle et al., 2015) .
281
The role of the water boundary layer, whose thickness depends on hydrodynamics, was not conditions, increasing up to 1.50 ± 0.013 mm in an unstirred medium (Warnken et al., 2006) .
286
Thereby, the maximum error on sampling rates would be lower than 20% whatever the flowing 287 conditions (except in the theoretical case of zeroflow where d is infinite). dam. Left bar represents the sum of 4 x triplicate samplers exposed successively for 3 or 2 days.
306
Middle bar is the sum of 2 x triplicate samplers exposed successively for 6 and 5 days. Right bar 307 is the analyte mass found in the single triplicate sampler exposed for the entire 11 days. Error 308 bars are the square roots of the sums of squared standard deviations (n = 3). 4, LOQ = 0.5 ng mL -1 ), whereas AMPA concentration in grab samples was always below the 313 LOQ (1 ng mL -1 ). In MPT passive samplers, a linear relationship between the analyte mass 314 accumulated in the sampler and the exposure duration was observed (Fig. 3) for both PMG and 315 AMPA. The PMG mass accumulated after 11 days of exposure is below the linear regression, 316 which can be partially explained by the lower concentration reported at the end of the experiment 317 (Supplementary Material Figure 4 ). Although AMPA was not detected in grab samples, linear 318 uptake of the analyte in the MPT passive samplers was observed ( Fig. 3) , which demonstrate the 319 better sensitivity of MPT technique compare to grab sample directly injected. Taking into 320 account the previously determined Rs for AMPA ( Fig. 1, 25 .4 ± 1.4 mL day -1 ), and the slope of A previous study mentioned the presence of metal cations as a potential interfering factor with 333 the accumulation of PMG and AMPA in passive samplers (Fauvelle et al., 2015) . That 334 interference was not observed in the current study, because similar concentration factors were 335 observed in the laboratory and in situ. An explanation can be found in the different bivalent 336 cation composition of each study, which may differ by an order of magnitude (see Supplementary   337 Material Table 1 ). A special attention should then be paid to the inorganic composition of each 338 medium sampled. 
